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Ⅰ. Introduction
The goal of endodontic treatment is to eliminate or to lower the bacterial concentration gradient from the root canal and to prevent reinfection 1, 2) . In addition to cleaning and shaping procedure, root canal filling material may play a critical role in destroying bacteria which remained in the root canal system. Killing bacteria by root canal filling procedure is either done by the hermetic obturating seal or by the direct bactericidal properties of the obturating materials. Several endodontic sealers have been found to possess antibacterial properties depending on their chemical components, such as calcium hydroxide, eugenol, and fluoride [3] [4] [5] . Different types of sealers have been introduced in the market and several studies have been done to evaluate antimicrobial effect of those sealers 6) . However, data were limited 
국문초록
to the initial antimicrobial activity only because the highest microbial inhibition is thought to occur immediately after the sealer has been mixed and to decrease as it becomes hard. Therefore, it is important to compare the antibacterial activities of endodontic sealers before and after setting.
The purpose of this study is to compare the antimicrobial potential among the eight commercially available sealers by using the agar diffusion test. The bacterial species tested against were Enterococcus faecalis and Staphylococcus aureus. This study also compared the freshly mixed and one-week set to evaluate if the antimicrobial effect sustained once the sealers have completely set.
Ⅱ. Materials and Methods
The sealers used in this study were : Roth 801 (Roth Int., Chicago, IL), MCS (Lone Star Tech., Westport, CT), Dentalis (DiaDent Group Int., B.C., Canada), Apexit (Vivadent Ets., Schaan, Liechtenstein), Ketac Endo (ESPE, Norristown, PA), AH 26 (Dentsply De Trey, Konstanz, Germany), AH Plus (Dentsply De Trey, Konstanz, Germany), and RSA (Roeko, Langenau, Germany). The chemical components of each sealer were listed in Table 1 . Each of the eight sealers was mixed according to its manufacture' s instruction. Each sealer was divided into two groups; dry and wet group. The dry group was the sealer-coated paper disk (Becton Dickinson, Cockeysville, MD), which was set and stored in a sterile petri dish for one week. The wet group was the paper disk coated with the freshly mixed sealer prior to the agar diffusion experiment.
An 
The Fisher' s PLSD analysis was used to detect any significant difference between two different sealers and the conditions (between dry and wet) of each sealer.
Ⅲ. Results

Control
The saline saturated disk did not exhibit zones of inhibition when tested against either E. faecalis or S. aureus.
Antimicrobial activity against E. faecalis Fig. 2 showed the mean inhibition diameter of the wet and dry group sealers against Enterococcus faecalis. The Fisher' s PLSD analysis found both one-week set (dry) and freshly mixed (wet) AH26 have significantly higher antimicrobial activity than the dry and wet Roth 801, dry MCS, dry and wet Dentalis, dry and wet Apexit, dry Ketac Endo, dry and wet AH Plus, and the dry and wet RSA (p<0.05). Only the dry AH26 has significantly greater antimicrobial activity than the wet AH 26, the wet Ketac Endo and the wet MCS. Fig. 1 demonstrated the inhibition zone produced by dry AH26
The dry Roth 801, dry and wet Dentalis, dry and wet Apexit, dry and wet AH Plus, and dry and wet RSA have no antimicrobial activity against E. faecalis.
Antimicrobial activity against S. aureus Fig. 3 showed the mean inhibition diameter of the wet and dry group sealers against
Staphylococcus aureus. The Fisher' s PLSD analysis found the dry AH26 has significantly better antimicrobial activity than the dry and wet Roth 801, dry and wet Apexit, dry and wet AH Plus, and 
Ⅳ. Discussion
This study demonstrated eight different sealers in their antimicrobial capability by using the agar diffusion test. The bacterial strains tested against were E . faecalis and S. Aureus. These bacteria were selected because they were highly resistant to calcium hydroxide treatment 8, 9) . They both can survive in a harsh environment. Especially, E. faecalis is able to survive longer than seven days without any nutrient 10) . E. faecalis is also a common single isolate from the canals of the refractory cases 9) . When tested against E. faecalis, with the release of formaldehyde as an antimicrobial agent 7, 11) , AH26 has significantly stronger bacterialcidal effect than Roth 801, MCS, Dentalis, Apexit, Ketac Endo, AH Plus, and RSA. The sealers, Dentalis, Apexit, AH Plus and RSA, do not provide any antimicrobial effect against E. faecalis. There is no significant difference between the freshly mixed sealer and the one-week set sealer in terms of its sustaining antimicrobial effect. Except in the group of AH26, the oneweek set sealer has significantly higher bacterialcidal effect than the freshly mixed. We assume that antimicrobial component in the AH26 may release in higher concentration once the sealer has completely set. This is a similar phenomenon to Al-Khatib' s 5) experiment of agar diffusion test against Bacteroids endodontalis on 7-days and 35-days.
When tested against the weaker bacteria strain S .
aureus as a comparison to the E. faecalis group, most of the sealers perform equally well in their antimicrobial activity except Apexit and RSA sealer groups. The RSA sealer does not provide any antimicrobial capability because none of its chemical components has bacterialcidal effect. The chemical component of the RSA sealer is very similar to the silicone based Endo-Fill sealer which Görduysus 12) also found no antimicrobial capability. The fact that Apexit did not show any microbial inhibition corroborates those observed by Duarte et al. 13) who found that Apexit produced least alkaline pH and calcium ion compared with other two calsium hydroxide-based sealers such as sealapex and sealer 26. Optimal pH for growth of S. aureus is between 7 and 7.5 with a 4.2 to 9.3 range. The result in this study confirmed that alkaline pH produced by Apexit did not exceed this value, thus allowing this microorganism to grow 7) . Glass ionomer cement possess strong antibacterial properties 14, 15) , it is mainly due to a fluoride and other ingradients. Ketac Endo is a newly developed glass ionomer-based sealer. According to the recent studies [16] [17] [18] , this sealer was superior in its ease of manipulation, radiopacity, and setting time compared to Grossman' s sealer as well as its adaptation to the canal walls. The data of the current study indicated that Ketac Endo did possess antibacterial activity against both tested microorganisms. Our data also consist with Siqueira' s findings 6) that ZOE-based sealers demonstrate a strong bacterial inhibition, which seems related to a high concentration of eugenol.
The Agar diffusion test used to evaluate antibacterial activity of sealers is the most commonly used technique 6, 15) . This method is relatively insensitive and data are highly dependent on molecular size and the diffusion constant of the antimicrobial component, inoculum size, incubation time, and degree of material-agar contact 19) . Moreover, since the antimicrobial substance must diffuse through the aqueous agar medium, only water soluble agents can be tested. Therefore, Agar diffusion technique has some type of limitation and the interpretation of data obtained by this test should be reevaluated. AH 26 and AH Plus are basically same material. The difference between them lies in the presence of silicone and aerosol in the fomula as well as the elimination of formaldehyde release from the latter material. Even though this study proved the superiority of antimicrobial acitivity of the AH26 sealer over the others, its cytotoxicity effect from the release of the formaldehyde cannot be neglected 20) . Careful usage and manipulation of this sealer should be considered. It is recommended that maintain the sealer inside the canal system and contact with the periapical tissue as little as possible.
